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Introduction
The introduction of calcineurin inhibitors (CNIs) in clinical practice much improved the short-term graft survival rates, but its effects in long-term graft longevity were not significant in kidney transplantation (KT) recipients [1] . Therefore, diverse combination of protocols were developed to improve immunosuppression with minimizing side effect of CNIs., Among them, triple therapy consisting of low-dose tacrolimus (TAC), mycophenolic acid (MPA) and steroid is popular in current practice as a maintenance ISx treatment. However, it is not well known whether the initial immunosuppressive regimens are maintained during the posttransplant periods in real-world medical settings. Therefore, we investigated practices in ISx prescription via national survey and compared the results with those of previous reports.
Patients and methods Design
We conducted a multi-center retrospective, chart-review study in order to evaluate the ISx use patterns in patients who underwent KT in South Korea. Trained renal fellows or clinical research coordinators at each center collected the primary data based on identical data-selection criteria. All the investigators reviewed the dataset provided and reorganized the information for analysis according to the study purpose. The local Institutional Review Board (IRB) approved this study at each center and all clinical investigations were conducted according to the principles expressed in the Declaration of Helsinki. Informed consents were waived off owing to the retrospective nature of this study. None of the transplant donors were from a vulnerable population and all donors or next of kin provided written informed consent that was freely given.
IRB approval number: Seoul St. Mary's Hospital, KC14RSME0215; Seoul National University Hospital, H-1403-127-572; Samsung Medical Center, 2014-04-047; Kyungpook National University Hospital, KNUH 2014-04-026; Kyung Hee University Hospital at Gangdong, KHNMC 2014-03-011; Ulsan University Hospital, UUH 2014-03-019; Korea University Anam Hospital, ED14049; Ajou University Hospital, AJIRB-MED-MDB-14-098; Bong Seng Memorial Hospital, BSIRB-2014-006.
Study population
The study group consisted of patients aged ! 18 years who received KT between January 1 and December 31, 2012, at nine transplant centers in South Korea. Patients who received a multi-organ transplant, as well as patients without medical records or laboratory data one year after the KT, were excluded. Of 641 patients, retrieval data were available for 636 transplants. The 5 excluded patients had main characteristics that were similar to the included patients. relevant legal proceedings. And the funder did not sit on a committee for an organization benefit from publication of the paper.
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Data collection
The primary data contained demographic information (age, gender, height, and weight), patient's disease status information (primary renal disease, pre-transplant dialysis status, pretransplant and post-transplant comorbidities), transplant-related immunological baseline characteristics (transplant number, donor type, T-cell/B-cell cross matching test results by both the complement-dependent cytotoxicity method and the flow cytometry method, percent panel reactive antibody test (PRA), ABO compatibility status, and HLA mismatching number based on three HLA loci (A, B, DR)), details of ISx prescription (induction therapy regimen, initial maintenance regimen type and dose, modifications of ISx with cause and date), and information on allograft function (graft failure, serum creatinine level and estimated glomerular filtration rate (eGFR) calculated using CKD-EPI formula). Serum creatinine level and eGFR were measured at discharge immediately following and one year after the KT.
Definitions
Classification of maintenance immunosuppressants. Maintenance immunosuppressive agents were grouped according to the combination of drugs: 1) CNI-based triple therapy consisting of CNI (CSA or TAC), MPA (mycophenolate mofetil [MMF] or enteric-coated mycophenolate sodium [EC-MPS]), and steroid, 2) steroid-sparing regimen consisting of CNI and MPA, 3) MPA-sparing regimen consisting of CNI and steroid, 4) SRL-based regimen, which is defined as SRL with any drugs, and 5) other regimens.
Immunosuppressant change. The "ISx change" was defined as 1) withdrawal of a certain drug, 2) addition of a certain drug, and 3) switching drug "A" to drug "B" during the first year post-transplant. Modifications that were not considered as an ISx change included: 1) dose modification of the same drug, 2) re-administration of the same drug after a temporary stopping, and 3) change based on a typical protocol. All kinds of steroids were regarded as the same drug in this study. For example, if a patient stopped MPA due to infection and restarted after the infection treatments, we considered it as MPA withdrawal due to infection, but not MPA addition due to recovery. The temporary withdrawal of CNI or MPA during anti-thymocyte globulin (ATG) treatment was also not considered as ISx change because it was a routine ATG protocol.
Periods of time after the transplantation. The one year time period of this study period was evenly divided into three groups: 1-4 months, 5-8 months and 9-12 months. We defined these three divisions of the period as the first, second, and third tertile, respectively.
Assessment of post-transplant complications
Acute rejection included both acute T-cell mediated and acute antibody-mediated rejection which were diagnosed by the pathologist at each center based on the Banff classification scheme [2] . Infection was defined as an illness resulting from any disease-causing organism. Cytomegalovirus (CMV) disease was defined as organ involvement of CMV and BK virus (BKV) infection included BK viremia greater than 10,000 copies /mL or BKV-associated nephropathy proven by allograft biopsy. GI problems included both subjective symptoms, such as abdominal bloating, dyspepsia, and pain, as well as objective sign like diarrhea or constipation. Cardiovascular events included myocardial infarction and symptomatic heart failure (NYHA class II to IV). Diabetes mellitus (DM) complications included uncontrolled blood glucose, DM foot, DM retinopathy, diabetes ketoacidosis and hyperglycemic hyperosmolar nonketotic coma. Bone marrow suppression was defined as a state with neutropenia (white blood cell count < 4000 per microliter), and/or thrombocytopenia (platelet count < 150,000 per microliter). Anemia was not included due to the obscurity of onset. Nephrotoxicity was given a presumptive definition. When kidney function was a affected without evidence of rejection, clinicians considered the ISx having nephrotoxicity. Graft failure was defined as the re-establishment of long-term dialysis treatment.
Statistical analyses
Descriptive statistics were used in all analyses. We presented continuous data as means ± standard deviations (SD) or median with interquartile ratio, and categorical data as counts or frequencies. The Mann-Whitney U test was used to compare the nonparametric continuous data, while the Fisher's exact test was used to compare the categorical data. All analyses were conducted by using the IBM SPSS Statistics 24 software (Armonk, NY: IBM Corp.).
Results

Baseline characteristics
Included patients were in mid-40s with a 3-year-duration of dialysis, and 16.7% were preemptive KT. Glomerulonephritis was a leading cause of ESRD, followed by DM. Donor type was living-donor-basis (60.4%), and most patients were non-sensitized. However, a small number of ABO incompatible, HLA-sensitized and re-transplant patients were also included ( Table 1) . Table 2 shows the characteristics and graft outcome of KT recipients with or without induction and as a type the induction regimen. Most of the patients (n = 621, 97.6%) all but 15 (2.4%) underwent induction ISx therapy. Basiliximab, an anti-CD25 antibody, was a more commonly used agent (n = 542, 85.2%) than ATG (n = 79, 12.4%). The use of ATG was greater in highly sensitized patients, deceased-donor transplants, re-transplants, and ABO incompatible transplants. ISx change was more frequent in patients with ATG induction than in patients without ATG induction ( Table 2 ). The graft failure rate and graft function were not different with or without induction therapy, nor were they different between basiliximab or ATG induction.
Induction therapy
Initial and one-year maintenance therapy
The majority of KT recipients (81.4%) started their maintenance ISx with TAC-based triple therapy. All patients initially used CNI, and the proportion of TAC and CSA was 87.7% and 12.3%, respectively. Of MPA, MMF was predominant as compared with EC-MPS at the time of the KT (53.1% vs. 40.1%). On average, patients received 1.4 g of MMF and 0.8 g of EC-MPS. The dose of both MPA was higher in patients receiving TAC than in patients receiving CSA (MMF, 1439.4 mg vs. 1433.0 mg, p-value = 0.940; EC-MPS, 875.9 mg vs. 598.6 mg, p-value <0.001).
At one year, CNI-based triple regimen was still the most common ISx, but its use had decreased by 14% compared to that at the time of KT (81.4 to 67.5%). On the contrary, the prescription rate of steroid-sparing (11.3 to 13.2%) and SRL-based regimens (0.3 to 7.5%) increased. The total MPA prescription rate had decreased compared with the initial rate (93.1 to 82.1%), but the absolute number of KT recipients with EC-MPS increased, thereby resulting in a reverse MMF to EC-MPS ratio (1.3 to 0.9) ( Table 3 , Fig 1) .
Time and frequency of overall immunosuppressant changes
Almost half of all patients (39.5%) changed their maintenance ISx one or more times during the first year after the KT (1.51 per person per year). Within one year, a total of 379 ISx changing cases with 396 changing patterns existed; in 16 cases, 2 to 3 types of ISx changing patterns were applied simultaneously (eg. withdrawal of both MPA and steroid). A majority of them (60.2%) occurred in the first 4 months (Fig 2) .
Cause of immunosuppressive regimen change
Of the 379 ISx changes, the primary cause of the change was a GI problem (n = 113, 29.8%) followed by infection (n = 112, 29.6%), hematologic abnormality (n = 25, 6.6%), and simplification of the medication dose (n = 17, 4.5%). Acute rejection (n = 15, 4.0%), hair loss (n = 15, 4.0%) and nephrotoxicity (n = 9, 2.4%) also resulted in ISx changes (Fig 3) . GI problems mostly developed in the first tertile after the KT, and were the leading cause of ISx changes during the early transplant period. On the other hand, infection occurred steadily during the first year of KT and became the most common cause of ISx change in the second and third tertile (Fig 4) . Infection was reported 121 times in 87 recipients, with 112 (92.6%) of them causing the ISx change. Among the infectious complications, CMV infection was most common (n = 28, 25%), followed by BKV infection (n = 25, 22.3%).
Changing pattern of immunosuppression
The most common pattern of the ISx change was MPA withdrawal (n = 155), followed by MMF to EC-MPS conversion (n = 86). Table 4 shows the cause of the MPA withdrawal. The clinicians opted to discontinue MPA in their patients due to various complications including infection, GI problems and bone marrow suppression. However, for the patients who complained of GI discomfort, many clinicians recommended switching from MMF to EC-MPS first. The SRL conversion was the third most common ISx pattern, observed in 46 cases. Among these, the conversion for better adherence to treatment with a once daily dosing occurred in 34.8% of patients (Table 4 , Fig 5) .
Allograft function according to immunosuppressants change
There were two cases of graft failure and both occurred in patients who changed their ISx therapy. The one-year graft function was worse in the deceased-donor transplants than in the living-donor transplants (eGFR: 60.3 mL/min vs. 66.4 mL/min, p-value < 0.001), in patients using CSA than in those using TAC (eGFR: 57.8 mL/min vs. 64.8 mL/min, p-value = 0.005), worse in patients receiving CNI-based triple therapy than in those receiving other regimens (eGFR: 62.5 mL/min vs. 70.4 mL/min, p-value < 0.001), and worse in the ISx change group (eGFR: 59.7 mL/min vs. 66.8 mL/min, p-value < 0.001) ( Table 5 ). 
Continuous variables without normal distributions are presented with median (interquartile range).
ΔeGFR represented the slope of eGFR between the time of discharge and 1-year after the transplantation. Abbreviation: Tx., treatment; ATG, anti-thymocyte globulin; DDKT, deceased-donor kidney transplantation; ISx, immunosuppressant; eGFR, estimated glomerular filtration rate.
https://doi.org/10.1371/journal.pone.0183826.t002 
Discussion
Several studies on ISx prescription trends have been reported [3] [4] [5] [6] [7] . Compared to other studies, this study focused on the actual prescription pattern for ISx changes, and the specific reasons behind each change. The results of our study clearly demonstrate that a considerable number of patients (39.5%) changed their ISx and most of those changes occurred due to drug-related events or medical events during the early transplant period. These findings suggest that clinicians should consider benefits and risk of choosing ISx in KT recipients. Induction therapy was prescribed for most of the patients in this study (97.6%) with basiliximab in 85.2% of cases. This choice was appropriate according to the Kidney Disease: Improving Global Outcome (KDIGO) guideline in that an interleukin-2 receptor antagonist is recommended as the first-line induction therapy in all kidney transplant recipients [8] . The reason for preferential use of basiliximab, rather than ATG, may be based on its excellent efficacy and safety, as confirmed in large meta-analysis of randomized trials, as well as its lower risk of CMV infection and malignancy compared to that of ATG [8, 9] . On the other hand, the recent Scientific Registry of Transplant Recipients (SRTR) data in the USA showed a dominant position of ATG in the induction therapy [7] . The reason for the difference in proportion with the induction regimen between the two countries may be due to different donor types (proportion of deceased donor) and immunologic risk (proportion of sensitized patients).
An initial ISx therapy containing biologics induction plus low-dose TAC-based triple therapy has been broadly accepted based on the Symphony study [10, 11] . Most recipients in our study (81.4%) also received the initial maintenance therapy with a CNI-based triple regimen, and TAC was used seven times more frequently than CSA was (87.7% vs. 12.3%). Most centers favored the CNI-based triple therapy, but two centers initially chose either a steroid-free regimen (n = 72) or an MPA-free regimen (n = 40). These dual regimens comprised 17.6% of all patients; the immunological risk of patients receiving dual therapy was similar to the others. Taken together, most maintenance ISx therapies comprise a CNI-based triple regimen, but selection of ISx is also influenced by center practice. After one year, the proportion of CNI-based triple therapy decreased by 14% (81.4% to 67.5%). On the other hand, the proportion of SRL-based regimens increased by 7.4% (0.3 to 7.7%), and that of steroid-free regimens increased by 1.9% (11.3 to 13.2%). The proportion of SRL-based regimens steadily increased, eventually leading to a decrease in CNI-based triple therapy. Interestingly, one-third of SRL conversions occurred due to the simplicity of a once daily dose (34.8%), and other causes were BKV infection (17.4%), nephrotoxicity (15.2%), and post-transplant malignancy (6.5%). In general, SRL is considered a replacement for CNIs due to its lower nephrotoxicity and anti-oncogenic effects. However, the results of our study suggested that the dose of simplicity for adherence was also important in determining the maintenance regimen.
Important finding of this study was that the most common cause of ISx change was GI problem and MPA was the most easily changed ISx. Our study revealed that clinicians chose two options (MMF to EC-MPS conversion or MPA withdrawal) when patients complained of GI discomforts, and favored converting to EC-MPS rather than MPA withdrawal (63.7% vs. 22.3%). The reason for higher rate of EC-MPS conversion may be related to previous reports indicating that EC-MPS conversion in KT recipients improved the GI tolerability of MPA treatment with maintaining immunosuppression [12] [13] [14] . Considering MMF-related GI discomforts and conversion rate of EC-MPS, it is also considerable to choose EC-MPS as an initial ISx.
Infection was the second most common cause of ISx change and common infectious causes were CMV disease (28 out of 112) and BKV infection (25 out of 112). For both virus infections, the most common pattern of ISx change was MPA withdrawal (71.4% for CMV and 44.0% for BKV). Compared to that for CMV disease, diverse options of ISx change exist with BKV infection including SRL conversion (28%), steroid withdrawal (12%) and conversion from TAC to CSA (8%). Treatment selection from these approaches may be dependent on the immunological risk of the recipients. However, a randomized control study is needed to identify the proper ISx change in BKV infection.
We also evaluated the time period of ISx change after the KT. In this study, more than half of the changes occurred during the first tertile period, and GI problem was common causes, while infection became the main cause of ISx change in the second and third tertile periods. Since ISx changes were mostly attributed to GI problems (97 out of 228) and CMV disease (21 out of 58 infectious causes) in the first tertile, both MPA withdrawal (92 out of 234) and MMF to EC-MPS conversion (80 out of 234) occurred with similar frequencies in patients during this period. In the second tertile, SRL conversion was the second most common pattern (24 out of 98) following MPA withdrawal, along with an increase in the prevalence of BKV infection (20% for the first tertile, 56% for the second tertile, 24% for the third tertile). MMF to EC-MPS conversion rarely occurred since second tertile. These findings suggest that ISx is changeable during early transplant period, and strategy for reducing risk factors (GI complication and BKV infection) is needed for maintaining initial ISx.
Because MPA was the most easily changed ISx, we further evaluated the MPA dose. Asian patients have a higher MPA exposure than do Caucasian or African American patients with a comparable MMF dose. For this reason, MMF dose in Asian transplant recipients may be reduced to 20% to 46% lower than in Caucasian or African American patients [15] [16] [17] [18] . In this study, the average dose of both MMF and EC-MPS (1.4 g and 0.8 g, respectively) was lower than in Western countries. In this study, the mean dose of MMF was not statistically different between patients with side-effects and patients without side-effects (1382 mg vs. 1486 mg, pvalue = 0.058). But the mean dose of EC-MPS was higher in patients with side-effects compared to patients without side-effects (925 mg vs. 788 mg, p-value = 0.002). The optimal dose of MMF or EC-MPS in Asian patients is still undetermined but the dose should be reduced considering the high prevalence of MPA-related complications in this study.
There was an unexpected finding of our study. CSA-using patients are generally expected to require a higher MPA dose than TAC-using patients due to a lower MPA exposure [19] . Here, the MPA dose in TAC-using patients was higher than in CSA-using patients. These opposite results may be explained by a higher immunological risk of patients using TAC than that of patients using CSA, and may suggest the need for a pharmacokinetic study in patients with complications, even in those with low-dose MPA.
There were some limitations in this study. Our study was conducted retrospectively for short-term duration of one year. Therefore, prospective and long-term follow-up study is needed to evaluate whether early change of ISx affects the long-term graft survival. In addition, we did not analyze the center effect. There is a report that the ISx choice was largely driven by center practice [4] . However, our study showed relatively uniform pattern of ISx protocol, and center effect was not strong to affect overall ISx prescription pattern. Taken together, our study provides a guidance regarding the ISx prescription to KT clinicians. Further researches including clinical trials and data analyses are necessary in order to achieve the better immunosuppressive therapy and allograft outcome.
In conclusion, current ISx with triple therapy is prone to be changed within one year in KT recipients. More detailed strategy for maintaining immunosuppression is needed in clinical practice. 
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